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Abstract 
Bangladesh is still a relatively low urbanized. country compared to other Asian countries. However, the 
country experienced a remarkable rate of urban growth both in terms of urban population and urban centers 
immediately after it's independence in 1971. Information on land use and land cover is required in many aspects 
of land use planning and policy development, as a prerequisite for monitoring and modeling. 
The main objectives of this research is to analyze the major urban centers land use/cover change of 
Bangladesh between 1989 and 2006 using multi sensor images data. But the present study gives emphasis on 
Khulna city the third largest city of Bangladesh as a partial study of the whole research. This study employed 
Landsat TM and ETM+ & ASTER images and land use/cover changes were quantified using a supervised 
classification algorithm with Maximum Likelihood decision rule. For Training area selection, Google Earth and 
photograph had been considered and common training areas used for Landsat TM and ETM+& ASTER image of 
specific urban center. After performing the classification method statistical analysis of all land cover class had 
been done to find out the change of major urban area in Bangladesh. 
Keywords: Remote sensing; image classification; land use and land cover; urban expansion. 
1. Introduction 
Urbanization is one the most widespread anthropogenic 
causes of the loss of arable land (Lopez, Bocco, Mendoza, & 
Duhau, 2001), habitat destruction (Alphan, 2003), and the 
decline in natural vegetation cover. The conversion of rural 
areas into urban areas through development is currently 
occurring at an unprecedented rate in recent human history 
and is having a marked effect on the natural functioning of 
ecosystems (Turner, 1994). Rapid urban expansion through 
infilling of low-lying areas and clearing of vegetation 
resulted in a wide range of environmental impacts, including 
habitat quality. 
Remote sensing can provide frequent land cover of an area 
which can be a great tool to monitor urban land use pattern 
and change for physical planning of an urban area. Khulna as 
a divisional head quarter and a metropolitan city has a 
distinctive land use pattern but entire city is not yet 
developed. 
2. Growth trend of Urban centers in Bangladesh 
According to the 1991 Population census of Bangladesh, 
following three statistical criteria were set to test how 'urban' 
the urban centers in Bangladesh are: 
i) a density ofnot less than 1,000 per sq. kms. 
ii) a population of at least 5,000 
iii) a literacy rate of not less than 50 %. 
Considering the above criteria the growth trend of urban 
centers from 1901-1991 are given in the following figure 1. 
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Figure 1: Growth Trend of Urban Centers 
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3. Study area 
The study area for this study was Khulna City of 
Bangladesh. Geographically, Khulna lies at 22° 49'north 
latitude and 89° 34' east longitudes. Its mean elevation is 7 
feet above Mean Sea Level (MSL). The area of Khulna City 
is about 60 km2 with population of 855,650. Khulna City has 
not yet grown enough though it is a divisional head quarter. 
But in the last few years its growth rate is noticeable. 
Map 1: Study area 
4. Objectives of this study 
This research evaluates land use/cover changes and major 
urban area/centers expansion in Bangladesh using satellite 
Table 1: Information of Landsat ETM+ images 
Sensor Name Path (p) & Row(r) Accusation Date 
ASTER VNIR 2006/02/28 
Landsat TM p137r044 2006/12/05 
LandsatTM p138r044 2004/11/04 
Landsat ETM+ p138r044 2000/11/17 
LandsatTM p137r044 1989/11/04 
Methodology of this study is schematically shown in figure 
2. Image Normalization, Filtering technique were applied for 
improving data quality or removing different noises from 
Landsat image. Supervised classification using maximum 
likelihood decision rule applied for urban land cover 
classification and accuracy assessment also performed and 
preparation of final map. 
Landsat TM ASTER (VNIR) 
Image pre-processing 
Supervised classification 
Post classification editing 
Accuracy assessment 
Urban land cover maps 
Analysis of Urban trends 
Figure 2: Flow of Methodology 
images data. Specific objectives of this research are-- 6. Image classification 
1) To predict the urban land use and land cover of rr====~;=================;i 
Bangladesh. 
2) To compare the Major urban centers/area 
expansion trend and rate. 
5. Data & Methodology 
This study used Landsat TM, ETM from 1990-2006 & 
ASTER (VNIR) of 2006 and other ancillary data, 
information from published unpublished document. Landsat 
TM & ETM+ images were downloaded from Global Land 
Cover Facility with University of Maryland in USA website. 
Landsat images with band 1, 2, 3, 4, 5, 7 were used for this 
study. For Training area selection, Google Earth and 
photograph had been considered. For accuracy assessment, 
reference maps (Survey of Bangladesh topo-sheets) as well 
as local knowledge (Field survey) are used. 
Map 2: Landsat TM of 1989 
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7. Statistical analysis of Landsat TM 1989 & Landsat 
ETM2000 
Landsat TM of Landsat ETM of 
1989/11/04 2000/11/17 Types ofland 
Area in %of Area in of use/cover 
km2 Area km2 
14.592 30.319 17.871 Build-up area 
13.474 27.996 14.772 
9.055 18.814 2.059 
6.597 13.707 9.676 
4.404 9.1505 3.750 Bare land 
48.122 100 48.122 Total area 
8. Statistical analysis of Landsat TM 2004 & 2006 
LandsatTMof 
2004/11/04 
Area in %of 
km2 Area 
19.723 40.985 
14.450 30.027 
3.6999 7.688 
7.828 16.266 
2.417 
48.122 100 
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Landsat ETM of 
2006/12/05 
Area in %of 
km2 Area 
20.934 
13.311 
3.283 
6.972 
2.702 
48.122 
Types ofland 
use/cover 
I 
9. Statistical analysis of Landsat TM 2006 & ASTER 
(VNIR) of 2006 
Landsat TM of ASTER (VNIR) 
2006/12/05 of 2006/02/28 Types ofland 
Area in ¾of Area in %of use/cover 
km2 Area km2 Area 
20.934 43.501 21.789 45.278 I Build-up area I 
13.311 27.660 12.252 I 25.460 Vegetation 
11 3.283 6.822 if.if I I 9.303 Agri. Land 
6.972 14.488 ,r ,,,.., 13.742 Water body 
2.702 5.614 2.997 6.227 I Bare land I 
48.122 100 48.122 100 I Total area I 
10. Accuracy assessment 
Before accuracy assessment, the classified images were 
checked visually and further ensured by Google earth and 
then selected sampling points/pixels arbitrary by random 
sampling method. This study considered ( 50x6) 300 
sampling points as random basis for accuracy assessment. 
After completing the accuracy assessment work a report has 
been produced that contains error matrix, producers and 
user's accuracy, kappa statistics and overall accuracy are 
shown in figure 3. 
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Figure 3: Overall accuracy and kappa statistics 
The standard accuracy of 85-90% for LULC mapping 
studies as recommended by Anderson et al. (1976). 
11. Conclusions 
This study has assessed urban LULC changes and the 
dynamics of urban expansion in Khulna City, Bangladesh 
using RS data. Urban expansion was quantified for the last 
16 years using the post-classification comparison technique. 
Khulna City was found to have experienced rapid changes in 
LULC, . particularly in urban/built-up areas. Analysis . 
revealed that urban areas increased by 3 .279 km2 during 
1989-2000 and 1.852 km2 from 2000 to 2004, and 1.211 
km2 from 2004 to 2006, which resulted in a substantial 
reduction in the area of water bodies, vegetation, agricultural 
areas and bare land. The dramatic expansion of the urban 
areas 9f Khulna City from1989-2000 exhibited clear 
spatio-temporal differences. The conversion of water bodies, 
vegetation and bare land areas to urban land has caused 
extensive and varied environmental degradation in the study 
area, and the vulnerability to flooding and the growth of 
slums have been the main negative outcomes associated 
with the rapid urban development. 
The interpretation and classification of RS data were useful 
for estimating the rate and spatial pattern of the urban 
expansion in Khulna City of Bangladesh. As reliable and 
current data are lacking for Bangladesh, the land use maps 
produced in this study will contribute to both the 
development of sustainable urban land use planning 
decisions and also for forecasting possible future changes in 
growth patterns. 
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